Family budget data for East and West Germany over the past decade are analyzed in the light of the convergence of relative price structures and the elimination of quantity constraints in the East during the process of eastern economic reconstruction. Exact cost-of-living indexes for generalized Cobb-Douglas preferences are calculated for the missing (index) link between the end of the old German Democratic Republic and the beginning of German economic unification. Exact deflators are provided for the period 1989 through 1998 for low to high income family budgets.
Introduction
Had there only been as great an effort to measure the differences in the relative costs of living in East and West Germany following German unification in 1990 as there has been in surveying and analyzing the psychological wall that still divides Wessi from Ossi, this paper would hardly need to have been written. Given the domestic political stakes of a successful economic reconstruction of the East, it may come as a surprise to many readers outside and even inside Germany that there has been so little serious empirical work that attempts to quantify the change in living standards in the East across the dividing line of German unification and with only one noteworthy exception has there been any attempt to gauge the difference in price levels between East and West Germany during transition. The purpose of this paper is to demonstrate how one can combine the official economic statistics that are available in a meaningful way to compute price deflators that can be used to unlock the real differences in nominal incomes between East and West Germany as well as between the old and new East Germany. 1 The methodological trick to extract economic meaning from comparisons of consumer prices between the time of centrally planned socialism and the transition to market capitalism is based upon the obvious fact that the postwar economic history of Germany is the story of twin populations having lived very different economic lives under different systems. The essence of applied demand analysis for market economies is that we allow observed market choices to provide us important information about the structure of the underlying unobserved household preferences.
It would be inappropriate, if not folly, to transplant the methods of applied demand analysis for market economies unaltered to the old GDR to try to infer the structure of underlying consumer preferences of East Germans from their observed budget choices.
2 East Germans before 1990 lived in a world in which there were indeed binding budget constraints but where significant quantity constraints limited household choice as well. That said, if we somehow knew what East German preferences actually were, there would be nothing at all wrong in using that information to interpret the observed choices of German households under central planning. While we can never really "know" the unobserved German preferences 3 , we can at least try to "estimate" them based upon observed West German choices and then transplant the resulting estimated demand system in order to interpret observed household choices in the East.
In the following section readers will be properly introduced to the underlying price and budget data upon which the deflators of this paper are built. This brief encounter with the data will be followed by an outline of the generalized CobbDouglas specification for consumer preferences that has been fitted to West German 1 The deflators presented here are used in the paper by Beblo, Collier and Knaus (2001) that examines the distribution of economic gains and losses from unification in East Germany. 2 This is a deliberate exaggeration since much of the best work in applied demand analysis for market economies is designed to handle realistic deviations from the simplest case of a linear budget constraint and interior solutions. What is meant here is that household choice sets were much more complex under centrally planned socialism (or at least very different) and the other constraints faced by households are far less well documented in a statistical sense so that there is little hope in untangling the various constraints and estimating the underlying preferences simultaneously. 3 It is hard to imagine a situation where the assumption of identical preferences would be more appropriate than for the case of divided Germany.
price and budget data and that will serve as the engine of the analysis of prices and household budgets in East Germany over the period [1989] [1990] [1991] [1992] [1993] [1994] [1995] [1996] [1997] [1998] . To obtain the exact deflators that are the principal motivation of this paper, we will need to compute Rothbarthian virtual prices 4 along with the level of utility associated with observed East German quantities. The calculation of exact deflators in order to convert observed East German nominal expenditure into the minimum expenditure required to achieve East German utility for an arbitrary base year of West German DM prices may seem almost anticlimactic, but providing deflators ready to use and useful for empirical research is certainly not the worst way to end a paper.
Data
Official consumer price indexes published by the Federal Statistic Office of Germany are readily available for the country as a whole and separately for the new (East) and the old (West) Federal states beginning in 1981 for the West and 1991 for the East. 5 These consumer price indexes aggregated to the sixteen categories of expenditure used in this paper have been assembled for the most part by a straightforward chaining of the corresponding indexes. 6 With some modest additional effort and knowing where to look, East German indexes for detailed expenditure categories 4 Virtual prices were the brainchild of Erwin Rothbarth who analyzed British wartime rationing in a classic article (Rothbarth (1941) ). Virtual prices are defined to be the set of prices that would induce a solely budget constrained household to freely choose the effective demands when both budget and quantity constraints are binding. Virtual prices were brought back into vogue by Neary and Roberts (1980) . 5 Statistisches Bundesamt (1984 Bundesamt ( -1998 Fortunately these data (the first column in Table 1 ) are quite adequate to serve as an East-West bridge for the price levels in 1993 which are then forecast and backcast using the chained series previously described, fixing the 1991 West German level at unity (see the second and third columns in Table 1 for the year 1993).
The price data are summarized in the four columns of Table 2 . The expenditure categories have been ordered according to the purchasing power of the GDR Mark in each category in 1989. The range extends from one GDR mark in East Germany purchasing as much housing as 8.5 DM in West Germany, down to a purchasing power of one third DM with regard to the category radio/TV/phonographs.
The last column in Table 2 shows the remarkable convergence of the purchasing power parities within a decade, with housing continuing to constitute the major 6 The West German time series are partially overlapping with respect to the base years 1980, 1985, 1991 and 1995 . The East German time series are partially overlapping with respect to the base years July.1990 -June.1991 , 1991 and 1995 See Appendix A and the sources cited therein. 8 The survey is described in Ströhl (1994) . Mr. Ströhl graciously provided disaggregated data that made the East/West price bridges for these sixteen categories possible.
outlier. This convergence was achieved by dramatic increases and decreases in consumer prices in East Germany compared to the relatively tight range of price changes in the West (compare the second and third columns of Table 2 ). Bundesamt. (1984 Bundesamt. ( -1998 . Einnahmen und Ausgaben ausgewählter privater Haushalte. Fachserie 15. Reihe 1. 10 The Eastern German family budget surveys for 1989 as well as for the first and second halves of 1990 based upon GDR budget classifications were re-aggregated to conform to the West German classification system by a team of former GDR statisticians working for the Federal Statistical Office, Statistisches Bundesamt (1993) . For 1991-98 the East German family budget data are taken from the publication cited in the previous footnote.
Specification of household preferences
The specification used to calculate exact deflators is a generalization of the Cobb-Douglas demand system 11 that permits budget shares to vary systematically with real income. As in the simple Cobb-Douglas specification, the compensated price elasticity of each good is minus unity. The point of this generalization is that income elasticities are not constrained to be equal to unity which is most desirable because West German data are clearly consistent with Engel's Law, i.e. budget shares do indeed vary systematically with increasing real budgets. We are well advised to respect Engel's Law because our East German observations (for which we need to forecast out-of-sample) are significantly below West German average levels.
The geometric intuition behind the generalization of Cobb-Douglas preferences used here comes from the fact that in log-quantity space, simple (i.e.
constant expenditure share) Cobb-Douglas preferences would be represented as a family of parallel indifference planes, the slopes of which being a function of the budget shares. The point of the generalization is to allow the indifference planes in log quantity space to "fan out" with increasing income so that budget shares can vary systematically with changing real income.
We begin with the indirect utility function that expresses the maximum level of utility achievable by a household in a market economy, i.e. subject solely to a budget constraint (y), conditional on that budget constraint and conditional on the prices of goods it faces (expressed as a vector p):
11 For an earlier application of the generalized Cobb Douglas demand system used here, see Collier (1986 Collier ( , 1989 The second equality in equation (1) is due to the fact that the budget shares (β k ) sum to unity in any period. We transform equation (1) into log-form and obtain (2) ln ln ln
So that these preferences are indeed consistent with Engel's law we explicitly let the budget shares vary systematically with real income (indirect utility) itself.
where the α k would in fact be proportional to the budget shares β k were these not to differ in their response γ k with respect to real income (which itself is hidden in the indirect utility ν) from the responses γ m of other goods. To eliminate the denominator we choose a reference category n (here food) and drop the East/West subscript (i) for
The log-form of equation (4) provides us an estimation equation:
where the log indirect utility on the right hand side of equation (5) can be calculated with observed prices, total budget and budget shares using equation (2). 13 Given an arbitrary v, we have (K-1) linear forecasting equations of the log of budget share ratios. The K th equation that allows us to forecast all K budget shares for an arbitrary v is obtained from the condition that the budget shares must sum to unity.
Estimation
Separate demand systems were estimated using annual observations of average monthly expenditures for (i) two-adult households (predominantly elderly) whose principal source of income is public pensions and/or public assistance and (ii) two-adult, two children households. The OLS regression coefficients and their estimated standard errors are reported for both household types in Table 3 .
The missing category of expenditure is the n th good (food) in the regressions. 14 The observations for high and middle income working households of two adults and two children have been pooled which is undoubtedly the reason for the generally better performance of the regressions in Table 3 (b) than for the elderly 2-13 Statistically sensitive readers might be offended by the fact that the "independent" variable on the right hand side of (5) is in fact dependent in a nonlinear way on the budget shares found on the left hand side. An obvious instrument to use is an unweighted price index instead of the weighted price index on the right hand side of (2). Or a fixed weighted price index with the weights taken from another country. 14 It does not matter which of the sixteen expenditure groups is used in the capacity of the n th good. The same budget shares will indeed be forecast for the same prices and total budget. person households in Table 3 (a) for whom the real income variation is limited to that over the time period examined.
The low R 2 of some of the regressions (e.g. beverages, fuel and power and rent) is not cause for alarm. With sixteen categories of spending we can of course expect some groups of goods to have similar income elasticities. Some budget shares would naturally move parallel to that of food as real income changes so that real income changes will not be a useful predictor of the difference in the size of those budget shares. Of course were all of the budget shares to move with food, then none of the budget shares could ever change, i.e. we would have the special case of a traditional Cobb-Douglas specification. Examination of the R 2 (or the standard errors of the slope parameters ( )
shows that this is indeed not the case in the West
German household budget data. In Ernst Engel we trust and the data indeed reveal that with the exception of tobacco expenditure, there is hardly an instance of a significant negative slope coefficient (public transportation for the elderly households appears to be the only other genuine exception) so that the food income elasticity is in almost all cases smaller than for other categories of expenditure.
Before transplanting the estimated West German parameters into East German reality, it is worth a brief look at the in-sample plots presented in Figure 1 . Observed quantities are plotted as individual points and fitted values are plotted as a line for each of the categories of expenditure for different household types (all three wherever clarity permits). While the points and lines clearly fit together, it is not always a perfect fit and indeed there are a few curious misfits. It does appear that it is the variation of budgets between the middle and higher income household types that drives the fitted values for the pooled working households. The quantity of housing can be seen to be increasing for both household types over time but the such a trend is not seen in the fitted values. Wrong in a different sense are the fitted values for shoes and clothing that show upward trends that are not really seen in the observed quantities. In spite or because of these empirical curiosities it is worth reminding ourselves that the use of this demand system will be to interpret household behavior at a significantly lower level of real income. On this important score it is at least reassuring to see that the fitted values for the higher and middle income households are near the observed values.
Stepping out of sample
Since the proof of this demand system will be whether or not it helps us interpret household consumption patterns in the East, we turn to the 48 panels of does not predict at all well for a system in which households were both budget and quantity constrained. We do have a right to expect however, if there is anything to the assumption of identical preferences for East and West Germans, that the quality of the fit should improve as economic transition proceeds.
For each of the sixteen categories it is interesting to inspect the 1989 observation, which is a relatively pure GDR observation. There we see patterns of excess demand and spillover consumption that one expects, e.g. the enormous notional demand for housing ("Rents") compared to the observed effective demand for housing and the relatively high spillover of expenditure into restaurants and pubs ("Public dining").
At first glance one might be somewhat surprised by the relatively close correspondence between notional and effective demand for automobiles and bicycles ("personal transport equipment") for 1989. One needs to keep in mind that for the relatively expensive prices of automobiles and the genuinely cheap housing rents, the estimated demand system is telling us nothing more than an East German family with NO quantity constraints for housing or automobiles (or anything else) would have spent an awful lot for the family villa and would have had relatively little disposable income left over for their cars (in real terms we are still talking about double the quantity of "personal transport equipment" being demanded!).
Besides this retrospective glimpse to the quantity-constrained world of the GDR, the 48 panels of For some categories of expenditure the convergence of observed quantities to those predicted from the West German demand system (e.g. beverages, tobacco products, rent, communications) is genuinely striking. For other categories, the initial postwall surge in spending (e.g. cars, radios/television sets/sound systems) is followed by a gradual return to normality as captured in the predicted consumption patterns toward the end of the period.
The abundance of detail presented for sixteen categories of household spending for three types of households over a period of a decade as presented in 
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We first consider this measure in the context of the household under both quantity constraints as well as a budget constraint, i.e. our pre-unification
observations. An aggregate measure of the extent of the microeconomic disequilibrium experienced by a GDR household is the answer to the (compensating variation) question:
"How much lower could the budget constraint have been for an average East German family in 1989 had it been free to buy at real existing GDR prices subject solely to its budget constraints, yet still maintain its 1989 level of utility?"
When this answer is expressed as a percentage of the actual household budget, we have what I defined earlier as the "effective purchasing power gap", Collier (1986) .
The effective purchasing power gap expresses the household's willingness to pay for consumer sovereignty when they do not have it.
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This economic "goodness of fit" of the demand system estimated for West
German households (the smaller the gap, the better the fit) reveals several important patterns ( Figure 5 ). The first is the extent of quantity constraints under centrally planned socialism (1989 and the first half of 1990) along with their elimination over the course of transition. One can see that on average by 1993 the demand system gaps had fallen to well under five percent for middle income households in the East, meaning the parameters estimated using western budgets were beginning to do a pretty decent job of explaining the pattern of consumption spending in the new states.
The second pattern that we see from Figure 5 is the clear differential impact of the shortages according to income levels. For working higher income households the effective purchasing power gap is estimated to have been on the order of one third of total household consumption spending. For middle income working households and retired households the effective purchasing power gap was estimated to have been about a quarter of total household spending in 1989. 17 The continued high value of the EPP gap requires a different interpretation for post July 1, 1990 East Germany. Rather than being solely a measure of quantity constraints, it begins to reflect the massive 16 One need only recall that the humble banana as well as the (then) exotic Kiwi fruit became important symbols of German economic unification. 17 When an analogous "EPP gap" is calculated for the West German households for this generalized Cobb-Douglas demand system, we obtain a figure consistently well below one per cent of total spending. purchase of consumer durables at the start of economic unification (see Figures 2-4, e.g. for personal transport equipment) which a static model of demand by nature is going to miss. Nevertheless, the relatively slow price and quantity adjustment in the housing category still plays an important role and it took the better part of a decade to work its way out (cf. Figures 2-4 for rent).
Together Table 2 and Figure 5 indicate the complexity of the task facing anyone attempting to construct deflators to extract real changes from the nominal economic data of East Germany in transition. There have been both an enormous change in relative prices together with the removal of significant quantity constraints.
The impact of these changes were not proportional across the income distribution so that it becomes necessary to tailor the deflators for the decade of the 1990s in East
Germany to the circumstances of households as well as we can.
Exact deflators using virtual prices
The previous discussion was necessary to help us build up the courage to take a great leap. A model of German preferences was built in West Germany using averages of a modest number of family budgets and then driven over a purchasing power parity bridge and lowered by a chain of price indexes to interpret family budgets of East Germany back in preunification days. Are the notional demands we predict reasonable when compared to the effective demands we observe? It is worth recalling: the model does indicate an enormous shortage of housing and likely spillover demand into food and beverages which coincides with common experience from the time. The effective purchasing power gaps do reflect that quantity constraints were a relatively greater concern for the nominally affluent compared to those with less income, also a fact that few if any would dispute. We also have seen that the model of German preferences does a much better job explaining the structure 
Note that especially for the case of the early observations v E should not simply be calculated by inserting East German prices and budgets into equation (2) because of the existence of quantity constraints. Were we to be working with the direct utility function, it would be simply a case of putting the observed East German market basket into the direct utility function to compute utility. However the problem here is how can we legitimately use an indirect utility function where quantity constraints interact with the budget constraint to determine choice sets? 18 The answer is that we replace the East German prices with Rothbarthian virtual prices computed with the same model of demand. (See Table 4 More formally, the procedure for calculating the exact deflators is as follows:
1) Equation (5) is estimated using West German data to obtain estimates of the "all-German" preference parameters α and γ for K-1 forecasting equations.
2) Virtual prices and ln(v) (i.e. a total of K+1 unknowns) are calculated using the following K+1 equations: Table 5 .
For some purposes it is useful to stand the deflators in Table 5 on their heads and consider the purchasing power of money 20 in the East compared to the West for each year considered separately. This is done for the three different household types in 20 Unfortunately, it is very easy to confuse deflators (factors that are divided into a nominal magnitude) with purchasing power parities (factors that multiply nominal magnitudes) in order to obtain real magnitudes. While the matter is merely one of multiplicative inverses, readers still need to watch their step.
sort of adjustment could have mattered more for the higher income families which might explain the upward blip of the purchasing power of the East mark for higher income families during the first half of 1990. Examination of Figure 6 reveals that most recently (1998) the new states have prices that are about one tenth lower than in West Germany but that it is possible to speak of a single purchasing power parity for these household types rather than different purchasing power parities depending upon the household's circumstances.
Conclusion
While it remains something of a mystery why more has not been done to compare price levels between East and West Germany to help better assess the economic reconstruction of the new states of Germany, 21 it is easy to appreciate why government statisticians have shied away from attempting to calculate deflators that would link present day East Germany to its preunification past. Indexes of relative purchasing power used in comparisons involving two very different economic systems must adjust for differences in the extent of nonprice rationing (i.e. quantity constraints) as well as for differences in relative prices that reflect major differences in the indirect taxation/subsidization of consumer goods. The purpose of this paper has been to show that as long as the applied demand analyst is prepared to bring his or her own model of household preferences to these kind of data, it is indeed feasible to obtain deflators that can span the change in economic system. 21 Maybe not. Because of a lack of electronic storage capacity, the 1983 intragerman price comparisons are apparently no longer available in a machine readable form at the Federal Statistical Office. The underlying data could be made available to the author only as photocopies of computer output kept by a conscientious government statistician.
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